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Eleven novel polymorphic microsatellite loci were developed and characterized for the recently
validated roundscale spearfish Tetrapturus georgii. Characterization of these markers, based on
35 roundscale spearfish from the western North Atlantic, revealed two to 21 alleles per locus
with an average expected heterozygosity (HE) of 0·09–0·94, and all loci conformed to Hardy–
Weinberg expectations. Cross-amplification of these 11 loci against all other eight known
istiophorid species indicates promising prospects for the utility of these markers for istiophorids
in general. © 2012 The Authors
Journal of Fish Biology © 2012 The Fisheries Society of the British Isles
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There is increasing concern about the population status of many billfish (Istiophori-
dae) species as they are heavily fished in pelagic fisheries either as targets or by-catch,
and their management is made complex due to the international nature of their fish-
eries (Collette et al., 2011a). Adding to this management complexity is that one
billfish, the roundscale spearfish Tetrapturus georgii Lowe 1841, was only recently
validated as a legitimate species (Shivji et al., 2006). The lack of historical recog-
nition of T. georgii is due to its strong morphological similarity to the sympatric
white marlin Kajikia albida (Poey 1860), itself a severely overfished and IUCN Red
List vulnerable species (Collette et al., 2011a, b). To make matters worse, it is now
clear that T. georgii has also frequently been misidentified as the longbill spearfish
Tetrapturus pfluegeri Robins & de Sylva 1963, another very similar looking billfish
species (unpubl. data).
Given its recent validation, almost nothing is known about the biology and popu-
lation structure of T. georgii. The species is currently listed as data deficient on the
IUCN Red List (Collette et al., 2011b). It is suspected to be a solitary species capable
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of extensive migrations (Arocha & Ortiz, 2006), and probably plays an ecosystem
role as an apex predator like other istiophorid species. Of concern from a conserva-
tion and management perspective is that T. georgii may have been subject to similar
levels of overexploitation as K. albida (Beerkircher et al., 2009). Understanding
the life history, population structure, evolutionary history and fishery dynamics
of T. georgii is therefore of great importance for conservation and management
purposes.
The development and characterization of 11 microsatellite loci markers for
assisting with these efforts is reported here. The cross-species amplification per-
formance of these markers on eight other istiophorid species of conservation and
management interest is also presented. Tissue samples (fin clips) were collected
from 35 T. georgii individuals captured in western North Atlantic Ocean pelagic
fisheries. The samples were stored in 95% ethanol until DNA extraction. Genomic
DNA (gDNA) was extracted from 25 mg of tissue using the DNeasy Kit (QIAGEN;
www.qiagen.com) following the manufacturer’s protocol.
Microsatellite marker development was performed utilizing Glenn & Schable’s
(2005) enrichment protocol. gDNA from a single T. georgii was digested using
BstUI and XmnI, followed by ligation of SuperSNX24 linkers to the ends of the
digested gDNA fragments to act as priming sites for subsequent polymerase chain
reactions (PCR). Biotinylated tetranucleotide probes [(AAAT)8, (AACT)8, (AAGT)8,
(ACAT)8 and (AGAT)8] were hybridized to the gDNA fragments. The biotinylated
probe-gDNA complex was then added to magnetic beads coated with streptavidin
(Dynabeads M-280: Invitrogen; www.invitrogen.com) and washed twice with ×2
sodium chloride, sodium citrate (SSC), 0·1% sodium dodecyl sulphate (SDS) and
four times with 1×SSC, 0·1% SDS at 52◦ C. For the final two washes, the solu-
tion was incubated at 52◦ C for 1 min. Enriched fragments were removed from the
biotinylated probes by denaturation at 95◦ C and subsequently precipitated using 95%
ethanol and 3 M sodium acetate. To increase the amount of enriched fragments, a
recovery PCR was performed in a 25 μl reaction containing 1× PCR buffer (10 mM
Tris–HCl, 50 mM KCl, pH 8·3), 1·5 mM MgCl2, 0·16 mM of each deoxynucleotide
triphosphate (dNTP), 10× bovine serum albumin (BSA), 0·52 μM of the Super-
SNX24 forward primer, 1U Taq DNA polymerase (QIAGEN), and c. 25 ng enriched
gDNA fragments. Thermal cycling was performed in a Bio-Rad DYAD (Bio-Rad;
www.bio-rad.com) as follows: 95◦ C for 2 min, followed by 25 cycles of 95◦ C for
20 s, 60◦ C for 20 s and 72◦ C for 90 s and a final elongation step of 72◦ C for
30 min. The resulting PCR fragments were cloned using the TOPO-TA Cloning kit
following the manufacturer’s protocol (Invitrogen). Bacterial colonies containing a
vector with gDNA were used as a template for subsequent PCR in a 25 μl reac-
tion containing 1× PCR buffer (10 mM Tris–HCl, 50 mM KCl, pH 8·3), 1·5 mM
MgCl2, 0·12 mM of each dNTP, 10× BSA, 0·25 μM of the M13 primers and 1U
Taq DNA polymerase. Thermal cycling was as follows: an initial denaturing step
of 95◦ C for 7 min, followed by 35 cycles of 95◦ C for 20 s, 50◦ C for 20 s and
72◦ C for 90 s. PCR products were subsequently cleaned using MultiScreen-PCR
Filter plates following the manufacturer’s protocol (Millipore; www.millipore.com),
and sequenced using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems; www.appliedbiosystems.com). Sequencing reactions were precipitated
with ethanol and 125 mM EDTA and run on a 3730 DNA Analyzer (Applied Biosys-
tems). Primers flanking core microsatellite repeats were developed using Primer3
© 2012 The Authors
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(Rozen & Skaletsky, 2000). A total of 74 primer pairs were tested to determine
amplification success and relative levels of polymorphism. Of these primer pairs, 11
amplified T. georgii consistently and showed evidence of polymorphism. Character-
ization of these loci was subsequently performed on 35 individuals.
All microsatellite PCRs were conducted in a total reaction volume of 25 μl
and contained 1 μl of unquantified genomic DNA, 1× PCR buffer, 0·2 mM of
each dNTP, 0·33 mM MgCl2, 0·4 μM of the fluorescently labelled universal M13
primer (5′-TGTAAAACGACGGCCAGT-3′) and the species-specific reverse primer,
0·16 μM of the species-specific forward primer with a 5′-M13 tail (Schuelke, 2000)
and 0·5U of HotStar Taq DNA Polymerase (QIAGEN). PCR was performed in a
Mastercycler Gradient (Eppendorf; www.eppendorf.com) thermal cycler as follows:
an initial denaturing step of 95◦ C for 15 min, followed by 35 cycles of 94◦ C for
1 min, 1 min at the primer annealing temperature (Table I), 72◦ C for 1 min, followed
by a final extension of 20 min at 72◦ C. Amplification products were resolved on
an AB3130 genetic analyser (Applied Biosystems) and scored using LIZ 600 as the
internal allele size standard and the software GeneMapper 3.7 (Applied Biosystems).
Expected and observed heterozygosities and departures from Hardy–Weinberg
(HWE) and linkage equilibrium (LE) were assessed using the software Genepop
v4.0 on the web (Raymond & Rousset, 1995; Rousset, 2008). Significance was
estimated using Fisher’s exact test (1000 dememorizations, 100 batches and 1000
iterations) and Markov Chain Monte-Carlo iterations. The frequency of null alleles
was estimated using the programme FreeNA (Chapuis & Estoup, 2007). A summary
of the microsatellite loci is presented in Table I. Expected heterozygosities varied
considerably across loci (0·09–0·94); however, no evidence of departures from HWE
and LE were found and the frequency of null alleles was negligible (e.g., <5·0%).
Cross-amplification success of these 11 loci was tested on eight istiophorid species.
High levels of successful amplification were found across species (Table II).
The microsatellite loci described here will be useful for a variety of population
structure and demographic history studies of the little understood T. georgii. They
also show potential for use in similar studies of other istiophorid species, all of whom
are exploited in multinational fisheries.
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